Abstract. Differential multiplicities of forward produced hadrons in deep inelastic muon scattering on nuclear targets have been compared with those from deuterium. The ratios are observed to increase towards unity as the virtual photon energy increases with no significant dependence on the other muon kinematic variables. The hadron transverse momentum distribution is observed to be broadened in nuclear targets. The dependence on the remaining hadron variables is investigated and the results are discussed in the framework of intranuclear interaction models and in the context of the EMC effect.
Introduction
Deep inelastic lepton nucleus scattering offers a direct way to study the internal structure of the nucleus [ 1, 2] as well as the hadronisation process which follows the hard scattering on partons [3] . In this process the target is probed with point-like particles whereas in hadron scattering, where the projectile itself has an internal structure, the situation is more involved. Moreover, in electron and muon experiments the incoming and scattered leptons are detected and they provide a well defined reference for the measurement of the kinematical variables of the hadrons.
Prior to the discovery of the EMC effect it was generally assumed that nuclear effects can be neglected at the high energy scale probed in deep inelastic scattering and so the nucleus can be regarded as a relatively loose conglomeration of nucleons. Any changes in the distribution of the final state hadrons from different nuclear targets could be ascribed to absorption effects inside the nucleus. It was hoped that the study of these absorption effects at different beam energies and with different targets would yield information about the space time structure of the hadron jet formed in deep inelastic processes [4, 51. The discovery of the EMC effect [6] has shown that this simple picture has to be modified. Many models have been developed to explain this effect, but none of them are able to describe the x-dependence of the F 2 ratio in the full x range (for a review see [7] ).
It is important to investigate whether the nuclear environment also influences the hadronisation process. Moreover, the hadron analysis offers a new way to study the problem of the EMC effect independently from the structure function analysis. This may help to discriminate between the large number of possible models.
While a lot of experimental data on hadron nucleus scattering have been compiled (e.g. [8] [9] [10] [11] ), in only a few lepton nucleus scattering experiments the hadron distributions have been analysed [13, 36] . In this paper, new more precise data on muon scattering in heavy targets over a wider kinematic range than before are presented. The scattered muon and the fast hadrons from the different targets were measured using a target arrangement designed to minimise any systematic errors due to time dependent effects in the efficiency or the acceptance of the apparatus.
The experiment
The experiment was performed in the M2 muon beam line at the CERN SPS using the EMC forward spectrometer to detect the scattered muon and the fast hadrons. Figure 1 a shows a schematic diagram of the apparatus which is similar to that described in [14] with certain modifications to improve the efficiency of the apparatus in the beam region and to allow data to be taken at higher intensities than previously achieved. In scattering experiments with extended heavy targets, high track multiplicities, due to low energy electrons from photon conversion and hadrons from secondary interaction in the target, are to be expected. Therefore, the drift chambers in front of the magnet in the original setup [14] were replaced by multiwire proportional chambers labelled PV 1 and PV2. Small proportional chambers designed to operate in a high intensity environment (POB, POD, POE) were installed to measure tracks in the desensitised central parts of PV1, PVB2. As the reconstruction of hadrons starts with hits in the large drift chambers in front of the hadron absorber (W4 and W5), it was decided to cover the central region of these detectors by additional multiwire proportional chambers (P4 and P 5).
Two different target arrangements were used for the measurements with heavy targets. In 1984, at the same time as the measurement of the spin dependent structure functions with a polarised NH 3 target [12, 15] , several heavy targets were exposed to the beam. The arrangement, shown in Fig. 1 b, consisted of a 50 cm long deuterium target and also carbon, copper and tin targets of comparable thickness (about 8 g/cm 2) suspended from a movable boom which allowed frequent target changes. The solid targets were each cut in 4 thin slices and distributed over the same region in space as the deuterium target cell so that the acceptance from each was the same.
In 1985 the polarised target was replaced by an extended deuterium/copper target to make a higher precision comparison. Two 1 m long deuterium tanks and five coppper slices of different thickness in a sandwichlike arrangement (see Fig. 1 c) , were simultaneously exposed to the beam in such a way that the differences in acceptance between the individual parts of the targets averaged out.
The data used for the analysis presented here were taken with both target configurations in several experimental runs with incident muon energies of 100, 120, 200 and 280 GeV.
Data analysis
The standard variables in deep inelastic scattering, as defined in Table 1 , are used in this paper. Figure 2 illustrates the definition of the hadron variables which will be investigated here; z h is the fraction of the virtual photon energy carried by the hadron (z h = Ehad/V with Eha d the hadron energy in the laboratory system), p• is the component of the momentum of the hadron transverse to the virtual photon direction and ~b the azimuthal angle of the hadron around the direction of the virtual photon.
The data were processed through a chain of analysis programs which performed pattern recognition and reconstruction of tracks and interactions vertices. A fit for the primary vertex was made using the incident and scattered muon tracks. An attempt was then made to asso- ciate the other tracks with the primary vertex, whose position was improved to optimise the Z 2 for the fit.
To exclude kinematics regions with small or rapidly varying acceptance for both the muons and hadrons the cuts listed in Table 2 were applied.
The influence of bremsstrahlung on the hadron spectra is included in the Monte Carlo simulation of the acceptance. Final state hadrons were generated using the Lund string model [ 16] taking into account the QED radiative processes. All outgoing particles, including the scattered muon and radiative photon, were tracked through the target and the apparatus. The procedure used included the effects of secondary interactions in the target, photon conversions and multiple Coulomb scattering. The effects of the detector inefficiencies and kinematical smearing were also included and the simulated track coordinates in each chamber measurement were passed through the data analysis program chain. The raw ratios of hadron multiplicities, normalised by the number of scattered muons, were corrected using the factors obtained from this detailed Monte Carlo simulation.
The multiplicities obtained from the Monte Carlo siumlation were 0.5-5% higher than the measured ones. These differences are probably due to an incomplete simulation of track losses in the vertex fit and cancel out when ratios of multiplicities from different targets are taken. The corrections applied to the multiplicity ratios deviate by only a small amount from unity (typically 3-5 %) except for regions where the contribution of the coherent tail from radiative processes is high. The emission of a very hard photon mimics a deep inelastic event with no hadron observed, and this effect is corrected for. The cuts in x and y (see Table 2 ) are chosen to limit these corrections to be everywhere less than 10%.
A calorimeter (labelled H2 in Fig. 1 ), consisting of an electromagnetic part of 20 radiation lengths thickness followed by a hadronic part with 3.5 interaction lengths of active material, was used to identify electrons. For a charged particle to be classified as an electron it was required that the relative fraction of the particle's measured energy, deposited in the electromagnetic part, was greater than 80%. The overall efficiency for removing electrons by this cut, outside a circle of 12 cm radius around the beam hole of H2, was found to be 94_+4% and 90 + 7% for runs with a beam energy of 100 and 280 GeV respectively. The fraction of hadrons, which were misidentified as electrons by this method, was determined to be between 7-9 %. The measured ratios have been corrected for both these effects.
The numbers of events, which passed these event selection criteria, are listed separately in Table 3 for the different targets and beam energies.
Systematic errors
A list of uncertainties, which contribute to the systematic error of the multiplicity ratios, is given in Table 4 . A Table 3 . Event statistics after the event selection, obtained from the data taken in 1984/85 with different heavy target setup
Beam Energy E Number of events after event selection (see Table 2 ) Electron contamination 2-4% for z < 0.5 and v > 150 GeV 0.5-1% elsewhere 1-1.5% for x < 0.06 and y > 0.65 < 0.2-0.5 % elsewhere
Radiative corrections
Systematic error in measure-< 0.4 % ment of muon and hadron momentum Track selection Software reconstruction efficiency Secondary interactions < 0.5 % in the target <0.5% < 0.2-0.4 % detailed discussion of the studies of these systematic errors can be found in [17, 18] . In this experiment most of the systematic errors cancel in taking the ratios since both targets were simultaneously exposed to the beam.
The largest error comes from the correction for the electron contamination of the hadron distributions, which has been described in the previous section. These errors, however, almost cancel when taking ratios of distributions from different targets (as discussed above), so that this systematic error is nearly always smaller than the statistical error. The radiative correction is different for each target at low x and high y due to the coherent and quasielastic radiative tail. Within the kinematic cuts given in Table 2 the systematic uncertainty due to the radiative corrections is less than 1% ( [18] and references therein).
As the apparatus and geometrical efficiency were the same for each of the two targets being compared and the shape of the hadron distributions from different targets are very similar, systematic errors in the measurement of the muon or hadron momentum do not significantly affect the measured ratios. For the same reason the influence of systematic errors due to the track selection and the apparatus efficiency is negligible. Furthermore, the loss of events or tracks due to the finite software reconstruction efficiency is the same for all targets and does not affect the measurement of hadron distribution ratios.
The quality of the Monte Carlo simulation of the secondary interactions in the target was checked by comparing the results from the upstream and the downstream parts of the target. No systematic trend could be found and the uncertainties are less than the statistical errors except for the very low v-region, where they are comparable.
The errors shown in the data presented always include the systematic error from the correction for the electron contamination (added in quadrature to the statistical error). The magnitude of the remaining error, not shown in the figures, is less than 1%.
Results
The distributions in z and p 9 and the azimuthal asymmetry of the charged hadrons in the forward hemisphere have been investigated to search for nuclear effects in the hadron jets. The ratio of the numbers of positively and negatively charged hadrons from nuclear targets have been compared to those from deuterium and these allow limits to be set on any excess contribution of sea quarks in the nucleus.
z h distributions of charged hadrons
The z distribution of charged hadrons normalised to the number of scattered muons and integrated over the muon variables within the cuts given in Table 2 , is shown in Fig. 3 separately for copper and deuterium. Figure 4 shows the ratio of the differential multiplicity distributions rcu (zh) as a function ofz h for copper and deuterium, where together with the ratios measured using the carbon and the tin targets.
For the large nuclei (Cu, Sn) one observes a small but distinct reduction of the fast hadron production compared to that on deuterium, whereas for carbon the ratio at higher z h is compatible with unity within the larger statistical uncertainties. The high statistics experiment with Cu and D 2 reveals that there is no significant variation of the ratio for z h > 0.2. For smaller z h the ratio tends to rise to a value greater than unity. A similar trend can also be seen for Sn. The averaged multiplicity ratios for z h > 0.2 defined as:
are given in Table 5 . The observed depletion of hadrons is significantly more pronounced for heavy nuclei than for lighter ones. The higher statistics of the Cu and O 2 data allow further studies of the dependence of Rcu on the muon variables. In Fig. 5 the ratio Rcu is plotted versus v in the range from 10 to 230 GeV. The ratios show a gradual decrease wit]~ decreasing v below v =< 60 GeV, whereas they slowly approach unity for higher v. It should be noted, that the depletion of the fast hadron multiplicity in copper, even in the lowest v-bin, is only ~ 10%.
Our data, taken at two beam energies, allow the dependence of Rcu on the muon variables to be investigated. Thus, the data are consistent with the variation of the hadron multiplicity being in the variable v alone.
p• distributions
An anomalous A-dependence of the single particle p~-spectra was observed in hadron nucleus experiments [19] and induced considerable theoretical activity in the field of initial state interactions. Also the strong enhancement of the mean value of p2 in the production of massive muon pairs by the Drell Yan process [20] is attributed to such effects [21, 22] . In lepton nucleus collisions neither multiple scattering of the incident particle nor interaction of its constituents complicate the interpretation. Hence the residual nuclear effects can be studied directly. The ratio ofp ~-spectra for Cu/D 2 is displayed in Fig. 7 for two v-intervals. In the lower v-bin one finds a small depletion of hadrons for Cu relative to D2, which reflects the v-dependence described in the previous subsection. At high p~ the ratio r A (p2) rises above unity in both v intervals. At high v the maximum variation of rc,(p 2) is about 0.2. In the proton collisions [19] the ratio in the same p2 interval varies by 0.5. Therefore the observed effect in deep inelastic muon scattering has the same trend but is smaller in magnitude.
The nuclear effects on the p~-distributions can be further analysed in terms of the average p2 ratios from Cu and O 2 targets. This quantity is sensitive to differences in the slopes and the tails of the distributions at high p2. Figure 8 shows the ratio of the average values of p2 for hadrons from copper to those from deuterium as a function of v. At low v the ratio is larger than unity by a few percent, whereas at high v it becomes compatible with unity. We have also checked that this ratio shows no significant dependence on z h [18] . This demonstrates that at high v the 'seagull' effect in p-nucleus scattering is of the same size as in the p-p process (no difference between/t-D 2 and p-p scattering was found in p~-distributions [23] ). Both the v and z h dependences support the hypothesis that rescattering in the final state is the source of the observed enhanced average transverse momentum of the hadrons.
Azimuthal angle asymmetry
The distributions of the azimuthal angle, q5 (see Fig. 2 ) of the fast forward hadrons has been investigated. In p-p scattering a clear deviation from an isotropic ~-distribution has been measured previously [24] [25] [26] . Figure 9 shows that a similar effect is also observed in the data from Cu and D 2.
To quantify the asymmetry measurement the distribution of the normalised differential hadron multiplicities 1/Nh*dNh/dq~ are fitted by a function of the type a 1 + a 2 COS (~b) (full and dashed lines in Fig. 9 for Cu and D2, respectively) suggested by theoretical consideration [27] [28] [29] [30] . The means value of cos(~b) can be easily expressed by the coefficients of the fit: The possibility of a cos (2~b) and as sin (q~) term has also been considered. However, it has been shown that these terms are small and that the value of (cos (~b)) does not change significantly of they are neglected [24] . It is important to note that this asymmetry parameter is independent of the absolute normalisation of the hadron distributions; the distribution in Fig. 9 is therefore arbitrarily normalised to 2re. The results of the q~-moment analysis performed, in two bins of W 2 and three bins in z h, are given in Fig. 10 . Here W is the invariant mass of the hadronic final state. The values obtained from the copper and deuterium targets are equal within errors and they agree with previous measurements on H 2 [24, 25] .
For a precise comparison of the ~b asymmetries on different targets the ratio of q~-distributions, r (q~), on two different targets has been studied, where: The dependence of r (~b) is shown in Fig. 11 for the high z and v bin,, where the asymmetriy for each target is the biggest. Thus, from the asymmetry of the ratio r (q~) of the ~b distributions the difference A of the asymmetry in Cu and D 2 can be directly determined with the highest possible precision. The quantity A is compatible with zero over the whole kinematical range explored. This result is discussed in more detail below.
do-_I~eZqi(x, Q2 )
O-to t dx h The term, c~ reint (Zh, P l, V) describes possible effects of the final state interaction inside the nucleus. In Sect. 6.1, below, the results of the hadron multiplicity ratios are interpreted in terms of different models for intranuclear reinteraction.
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Since the discovery of the EMC effect, the possible nuclear dependence in the effective quark densities on hadron production must be taken into account. The question as to whether there is a change in the fragmentation process in a nuclear environment, which would affect the hadron distributions, is addressed in Sect. 6.2. The understanding of nuclear effects in the hadronic final state can, furthermore, help to find the interpretation of the EMC effect in a way which is independent of the structure function (F2) analysis. The A and x dependences of the F 2 ratios have been measured in deep inelastic scattering and in the Drell Yan process [31] . These experimental facts are faced with a plethora of theoretical models describing the effect. In the last section we discuss how further constraints on these models can be obtained from the hadron analysis.
Models for intranuclear interactions
It has been appreciated for a long time that information on the space time structure of the hadronisation process and on the behaviour of a non-confined quark in nuclear matter can be extracted from the analysis of the hadrons produced in lepton nucleus scattering. In particular the study of the energy dependence of hadron multiplicity ratios can be used in this context [32, 33] .
Previously experiments have been performed only at lower energy [34] [35] [36] [37] [38] . In all but one [36] , only the total charged hadron multiplicity < n) was determined. Despite sizable statistical and systematic errors an increase of<n) in nuclei was seen. In [36] a strong suppression of the fast hadron production, increasing with the size of the target nucleus was observed. Both facts were interpreted as an indication for intranuclear cascading [4, 33] . At higher energies a suppression of the fast hadrons was also observed [ 13] .
The models existing at that time were based on the bremsstrahlung analogy [39] . They contained two independent and a priori unknown parameters, namely the scale for the hadron formation time r h and the quark cross section aq. For the calculation of ratios of the hadron multiplicities from a nuclear and a free proton target the nuclear density function is folded with the probability that a quark or a hadron exists inside the nucleus. This can be expressed in a general ansatz [33] : Pq(Ph) = probability that a quark (hadron) exists at a distance x' -x 0 from the point of the photonpatton interaction at x 0.
The hadronic interaction cross section is usually taken to be a h ~ 20 mb.
In the first models proposed [4, 5, 33] Pq and Ph depend on the formation time r h, of either the hadron or the struck quark (i.e. v), which is assumed to grow with the energy due to Lorentz dilatation. Thus the nuclear absorption effect was expected to die out at higher energies. However, it was completely unknown at which energy this would occur.
The new data available from this analysis allow for the first time, a wide range in v to be explored with high accuracy. It was ascertained in Sect. 5.1 that the energy v is indeed the relevant variable on which the ratio of hadron multiplicities depends. As the kinematic ranges covered by the SLAC and the EMC experiment have little overlap the EMC data sets have been combined in order to investigate further the v-dependence. Figure 12a shows the measured ratios of the integrals of the hadron multiplicities, defined in Sect. 5.1 (5.1) and as a function of v, together with predictions of the theoretical models. The dotted line (curve 1) represents the prediction of a calculation using the bremsstrahlung analogy ansatz of [4, 5, 33] . The hadron formation time r h is the only time in this ansatz. For this calculation r h has been assumed to be proportional to the hadron's energy (rh = Zh V) and the quark reinteraction cross section aq has been set to zero. There is a significant discrepancy between the shape of the model curve and the observed v-dependence using the combined results of [36] and this analysis. A finite value for a u would yield an even weaker variation with v. The older results of [13] are consistent with this model within the errors. However, the new data at high v show that with any choice of the parameters O-q and r h only a poor description of the energy dependence of the nuclear absorption effect can be achieved with these models. The above models are oversimplified as hadrons are composite objects. It is not, a priori, evident in which state of the hadron formation the interaction with the environment starts. Recently, Bialas and Gyulassy [40] proposed to calculate the probabilities Pq and Ph using the space time structure of the fragmentation process from the Lund string model. In this context (6.2) has to be modified:
Th where (7~ is the cross section for the interaction of the open string (which becomes one of the hadron quarks being looked at). These authors derived a relationship between the energy of the hadron (i.e. z h and v) and the time, re, at which its constituent appears after the photon parton scattering (see Fig. 12b) . The difference between r h and r(. is given by the simple formula: r h -r C = z h V/K, where K is the string tension. This model contains two time scales for the hadron formation process. It should be noted that the predicted value of r C is greater than zero (apart from the extreme z h ranges, Zh--+ 1 and zh--+0), and that this result is independent of the details of the string model; the only free parameter is K (~1 GeV/fm).
With this ansatz one can reproduce the characteristic energy dependence in a much better way (full line (curve 3) in Fig. 12a) [18, 41] . In contrast to the one scale model it is necessary to introduce a sizable cross section for the interaction of an open string (7 s (to be compared with the dashed curve). Here it is assumed that no reinteraction occurs before the constituent quark has appeared ((7" = 0 rob). The agreement of data and model calculation can be improved, if one admits a small interaction probability fi'om the time of the photon parton collision [42] (i.e. cr*~0.75mb, dashed dotted line (curve 4) in Fig. 12a ).
In the context of these models the results show that the unconfined (undressed) quark (or colour string) strongly interacts with nuclear matter, and that reinteractions occur a long time before the formation of final hadrons. This information may have interesting implications for the interpretation of the more complex reactions like hadron nucleus and heavy ion collisions.
Hadron production and models for the EMC effect
Before the discovery of the EMC effect final state interactions were the only source of nuclear effects to be considered for hadron distributions. It has now become evident that the interpretation is more complex and an interplay of different effects is possible, leading to the observed small nuclear effects.
The nuclear effects on the structure function of the nucleon are most frequently attributed to a change in the effective quark distribution functions. Calculations, in which the nuclear dependence of the quark distribution has been considered, show that the effect on the ratios of the sum of charged hadrons (N h+ + N h ) is of the order of a few tenths of a per cent, and hence negligible [18] . The absence of any substantial impact of the EMC effect on the ratio of the sum of charged hadrons (N h+ + N h-) is an important a posteriori justification for the hadron analysis discussed in the preceding subsection.
On the other hand, the ratio of the positive to negative hadrons N h+/N h-is sensitive to modifications of the sea quark distributions. From a study of the double ratio R+_=(Nh+/N h )Cu/(Nh+/Nh-)D 2 one can extract limits on the possible change of the sea in Cu compared to D 2. Here N represents the partial integrals from z h = 0.2 to 1.0 defined in Sect. 5.1 with superscript + (-) referring to positive (negative) tracks. In the x interval 0.02 < x < 0.08, where the fractional momentum carried by sea quarks amounts to about 50%, the double ratio R+ of the partial integrals is found to be 1.006+0.025, where a correction for the non-isoscalarity of Cu (~0.01) has been applied. Using a simple quark parton model calculation the ratio of the fractional momentum carried by the sea in Cu and D 2 is 0.97 + 0.10. This result implies an upper limit of 26 % for the change of the fractional [45, 46] momentum carried by the sea (at 90% c.1.) between copper and deuterium. Some of the models, which predict a nuclear dependence of the sea [43, 44] are not compatible with this measurement. It is also possible to examine the effects of the nuclear medium on the fragmentation functions. In [45] it is suggested that the fragmentation function may rescale by analogy with the structure function F 2, thus:
Ao<A; ~>1.
In Fig. 13 the measured ratio of differential hadron multiplicities for CH/D 2 data, restricted to low v with an average value of 35 GeV, is compared to calculations using this ansatz with various rescaling parameters ~. At this value of v the formation length of most of the hadrons is predicted to be about 1-2 times larger than the radius of the copper nucleus [33, 40] , so that a significant part of the hadronisation process takes place inside the nucleus. Thus a possible influence of the nuclear environment on the fragmentation can be studied. The dotted line is obtained, with the value of equal to the ratio of the confinement radius rcr in Cu and O2, as deduced by fitting the EMC structure function ratio [46] . If one uses an analogy with the F 2 rescaling scheme the corresponding rescaling parameter for F 2 (~ = (rcr, cu/rof, D2) ~s ~Q2)/~s <u 2) = 2.02), the model curve (dashed line) does not reproduce the shape of the z h distribution ratio in a satisfactory way. This shows that moderate rescaling ( ~ =< 1.3) cannot be excluded, but that significantly higher rescaling parameters, as for example proposed in [47] , would not be compatible with these measurements.
Another interesting idea is that of Nachtmann and Pirner [48] who predict a harder fragmentation function in a nuclear environment. No quantitative details are given in the publication. However, because of isospin invariance it is reasonable to assume that the energy is distributed among charged and neutral particles in a nu- [53, 54] clear independent manner. Therefore, a harder fragmentation function in p-Cu scattering would make the ratio of z distributions look like the full line in Fig. 13 . For this calculation, the parameterisation of the pion fragmentation function, measured by the EMC on a D 2 target [49] , was used: D + = b * (1 -z h)~. For the Cu target both the exponent e has been lowered by 2.5% and the parameter b adjusted, so that the total energy is conserved. Figure 13 shows that, independent of the absolute size of the effect, the prediction is in clear contradiction with the data. It has been shown that these conclusions remain valid [18] even when intranuclear cascading effects are taken into account. Many models explain the EMC effect by postulating that the confinement radius of a quark in a bound nucleon is larger than that in a free nucleon [47, [50] [51] [52] . By the uncertainty principle, this implies a reduction of the mean transverse momentum, (k• of a quark in a bound nucleon. It has been demonstrated that the ~b asymmetry is proportional to the value of (k• [53, 24] . Hence a difference in the ~b asymmetry in bound and free nucleons can be used to infer a difference in (kl) and hence in the quark confinement radius. The high z h and high v region is most sensitive to this effect. Figure 14 shows the value of (cos ~b) versus (ki) for zh>0.4 and (v) = 145 GeV as determined from the model of [53] . In this region the difference in the value of(cos q~ ) between copper and deuterium is measured to be -0.014__ 0.023 from a fit to the data in Fig. 11 . From the slope of the calculated line in Fig. 14 , the difference between the value of (k• in copper and that in deuterium is inferred to be less than 0.2 GeV (at 90% confidence level). Taking the value (k• in a free nucleon [25] , this implies that the confinement radius in nucleons bound in copper is not more than 30% (90% c.1.) larger than that of quasi free nucleons in deuterium.
Conclusions
Final state hadron distributions in deep inelastic muon scattering on heavy targets have been compared with those in p -D 2 scattering. The systematic errors for ratios of the hadron multiplicities are small compared to the statistical errors. This was ensured by making measurements simultaneously with a deuterium target and one of the heavy targets.
The nuclear effects in the energy range explored here are generally rather small. Integrated over the muon kinematic variables the ratio of the fast forward produced hadrons (z h >= 0.2) produced on Cu with respect to those produced on D 2 is 0.946_+0.008 (stat.) +0.005 (syst.), at an average v of 62 GeV. This ratio is somewhat lower for tin and compatible with unity for carbon. No dependence of this quantity on Q2 or x has been found, but a significant variation with v is demonstrated. The multiplicity suppression is strongest in the lowest v bin and disappears in the highest v-interval.
The ratio ofpZ-distribution of Cu/D 2 rises to values above unity for p2 => 1 GeV2/c 2. This effect is similar to that observed in the hadron nucleus scattering, but is smaller in magnitude.
The new precise data from this analysis covering a wide range in v, in combination with the results of an electron scattering experiment at low energy at SLAC, allow discrimination between different models for final state particle interaction. The older models, based on the bremsstrahlung analogy, fail to describe the characteristic energy dependence of the hadron depletion. A model recently developed by Bialas and Gyulassy, which involves a finite formation time for both the final states hadrons and the constituent quarks, has been applied to the deep inelastic scattering process. The data can be described much better by this model, but only with the assumption that the constituent quarks have a sizable cross section to interact with the nuclear matter. These results support the picture of the space time structure in the Lund string fragmentation model and indicate that the reinteraction with nuclear matter starts a long time before the formation of the final state hadrons.
The relationship between the hadron production in pnucleus scattering and the EMC effect has been investigated. By comparing the ratio of positive to negative hadrons a 90% c.1. upper limit of 26%, for a possible change of the sea quark contribution in Cu compared to D 2, has been set. The influence of a change in the quark densities on the charged summed hadron distributions is negligibly small.
No indication for a significant change of the fragmentation function in a nucleus has been found at larger values of v.
The difference of the azimuthal asymmetry of forward produced hadrons in p-Cu and p-D 2 scattering is compatible with zero and sets a limit for the difference of the confinement radius in Cu and D 2. This excludes models for the EMC effect which postulate an increase of the confinement radius of more than 25%.
